In this pap~r we cons_ider the ~ff~ct of various explanatory characteristics on target and acquiring firm shareholders w~a!th _us~ng a _spectahzed graphical technique. Whereas previous analyses have considered each of the cha_ractenst1cs m. 1sol~t1on w_e analyse all the characteristics simultaneously by using the covariance biplot. By analysmg th~ result~ng_ s_mgle dt~g~am for acquiring firms and target firms we are able to present information about the relative vanabthty or nskmcss of each level of the five characteristics, as well as about their comovement.
Introduction
Much recent work in the financial literature has covered the field of mergers and acquisitions, and specifically the distribution of any wealth changes between the parties participating in the merger. Affleck-Graves, Flach & Jacobson ( 1988) have considered the returns accruing to shareholders of acquiring and target firms on the Johannesburg Stock Exchange (JSE), and established that shareholders of the acquired firms experience abnormal positive returns immediately prior to the announcement date, but found no evidence of gains to the shareholders of the acquiring firms. Bhana ( 1987) also found evidence that shareholders of acquired companies earned substantial abnormal returns around the time of the take-over announcement. These results are consistent with recent work done on the New York Stock Exchange (see. for example, Halpern (1973) , Mandelker (1974) , Langetieg (1978) , and Dodd (1980) ). This work was extended by van den Honert. Barr, Affleck-Graves & Smale ( 1988) who examined how the level of abnormal returns experienced by shareholders was related to four different characteristics of merger, namely the relationship between acquiring and target firms, their relative sizes. the amount of prior control of the acquirer in the target and the medium of exchange. In this work, however, each of the four characteristics were considered in isolation for acquiring firms and target firms. No attempt was made to analyse the characteristics simultaneously so as to supply information as to the relative strengths and weaknesses of these characteristics with respect to one another through time.
The covariance biplot, a multivariate statistical graphical tool devised by Gabriel ( 1971 Gabriel ( , 1972 Gabriel ( . 1981 , is a particularly useful means of demonstrating the relationships in the type of multivariate time series data described above. Indeed, Barr & Affleck-Graves (1987) showed that the method can be used to track the relative strength of several share portfolios ( consisting of sector indices) on the JSE. Furthermore the riskiness of each of the sector indices can be inferred from the covariance biplot and the correlations between the various sector indices.
In this paper we demonstrate how the relative influence of five explanatory characteristics of merger activity (around the merger announcement) can be determined by the analysis of a single covariance biplot diagram. This method of analysing the effect of these characteristics has the distinct advantage over the cumulative average abnormal return methodology usually employed since several characteristics can be considered simultaneously and with relation to one another, and not merely in isolation. Furthermore, specific information regarding the risk and co-movement of each characteristic is obtained.
The covariance biplot interpretation
The covariance biplot is a specialized graphical technique for the display of an n x m data matrix of points. In this application the n rows represent successive time points and the m columns represent the distinguishing characteristics of merger activity to be discussed below. In the biplot each of then rows and m columns are represented as a single point in a low (usually two) dimensional subspace, creating two overlapping clouds of points in such a way that the maximum amount of the variability in the data matrix is captured. The mathematical procedure involved has been extensively reviewed by Gabriel (1971 Gabriel ( , 1981 , Greenacre & Underhill (1982) . Greenacre (1984) and Barr & Affleck-Graves ( 1987) and we therefore concentrate on the geometrical interpretation of the features of the biplot relevant to this study.
It should be noted that for practical applications the n x m matrix will be mapped onto only two dimensions and thus the biplot produced will only be an approximation of the perfect biplot. The quality of this approximation can be calculated in terms of the two largest eigenvalues of the data matrix ( Greenacre, 1984) . Thus, the properties described below are approximately true in two dimensions. The geometrical interpretation is in terms of the distances of each point from the origin (centre) of the biplot and the cosines of the angles which pairs of points subtend at the origin: 1. The distance of each column point from the origin of the plot represents the standard deviation of the column. So if column 1 plots closer to the origin than does column 2, it has a smaller standard deviation than does column 2 irrespective of the direction of each of the two points from the origin. Considering that in this application column points represent vectors of returns amongst firms quoted on the stockmarket, the standard deviation of each of the column points provides a measure of the risk of each of the column points (Markowitz, 1952) . 2. The cosine of the angle two column points subtend at the origin represents the correlation between the two points. Thus, if the angle between two points is small the correlation between the two points will be very large ( close to 1) since cosine (0°) = 1. Similarly, if the two points are diametrically opposed to one another their correlation will be close to -1 since cosine (180°) = -1. Two points orthogonal to one another are uncorrelated, since cosine (90°) = O.
3. The relationship between the rows and the columns of the matrix is related to the distance of the row point and column point from the origin and the angle between the points. Specifically, the element in the i th row and the j th column is represented by the product of the distances of both the i th row point and j th column point from the origin and the cosine of the angle subtended by the two points at the origin. So if a row point plots close to a column point the angle between them will be small and the row point will have a large value, one which is above the mean of -Afr.Tydskr.Bedryfsl.1988, 19(4) that column. Conversely, if a row point plots in the opposite half plane to a column point the angle between them will be large and the row point will have a value which is below the mean of that column. The above properties are shown in Figure 1 , a (perfect) two-dimensional biplot of a hypothetical 3 x 4 matrix. It will be seen that column points Cl and C2 subtend a small angle at the origin, implying that columns 1 and 2 of the matrix are highly correlated. Similarly columns 1 and 4 are highly negatively correlated, since points Cl and C4 subtend a large angle at the origin. Points Cl and C3 are at right angles to one another, so columns 1 and 3 arc uncorrelated. Furthermore, column 2 has the smallest standard deviation since C2 is closest to the origin, whilst column 3 has the largest standard deviations since C3 is furthest from the origin.
Furthermore, row point RI is close to column point Cl subtending a small angle at the origin whilst row point R3 lies far away from Cl and they subtend a large angle at the origin. Thus row 1 of column vector 1 is large relative to the mean of column vector 1 and row 3 of column vector 1 is relatively small. Row 2 is approximately orthogonal to column point Cl and therefore row 2 is neither large nor small.
If the row points represent a time series then the relative strengths and weaknesses within a particular column vector can be tracked through time by joining the row points in time order and using the preceding interpretation. Therefore a movement of the row points away from a column point on the biplot implies a relative weakening of that column variable (relative to its mean) and a movement towards a column point implies a relative strengthening. A movement at right angles to a column point implies neither a strengthening nor a weakening.
Methodology
To illustrate how the covariance biplot is such an effective tool for analysing the relative movements of various characteristics involved in mergers and acquisitions, 33 acquiring firms and 40 target firms involved in mergers on the Johannesburg Stock Exchange over the period 1975 -1985 were identified. Over this period many more mergers occurred on the JSE, but many potential acquiring and target firms failed these criteria: 1. The acquiring firm must not have engaged in two mergers less than one year apart. 2. The average annual trading volume of the acquiring firm's shares (calculated over the four years prior to the merger and the year subsequent to the merger) had to have been greater than 100 000. Many shares quoted on the JSE are thinly traded, thus reducing the efficiency of the market in those shares a basic assumption of this research. ' 3. The announcement date had to be between March 1976 and March 1985 to ensure at least one year's weekly share price data on either side of the merger announcement date.
A complete list of the selected firms can be found in Appendices 1 and 2.
Weekly closing prices for the chosen acquiring and target firms were collected starting from a period 60 weeks prior to the merger annnouncement and running through to 60 weeks after the announcement (12 weeks after the announcement in the case of the target firms, as this is the earliest date after the announcement that target firms begin to get delisted).
Throughout this study all computations were based on returns rather than the original price data. The weekly returns over this period were calculated as where R;, = return on share i in period t; P;, = price of share i in period t; P;,_ 1 = price of share i in period t-1; and D;, = amount of dividends paid on share i in period t.
The returns on the market (represented by the JSE Industrial Index) were computed using the same method.
The returns for each acquiring and target firm as well as the market were added for each successive four-week period to yield four weekly returns (from now on we will refer to these four-week returns as monthly returns). This was done merely to keep the number of plotted time points on the covariance biplot around the time of the merger announcement manageable to avoid confusion in the interpretation. To remove market-wide information from the security monthly returns in order to focus on merger-specific information, the market model as used by Fama, Fisher, Jensen & Roll (1969) was fitted to the data. This model can be written in stochastic form as (1) where R;, = return on share i in period t; Rm, = return on the market in period t; e;, = stochastic error term; and 13 0 and 13 1 are the regression coefficients.
The parameters 13 0 and 13 1 of the model in equation (1) were estimated using ordinary least squares regression. An estimate of expected· returns for each share for each month for the thirty-month period surrounding the merger announcement was then calculated by taking the expectation of model (1) above. This yields (2) where ~o and ~ 1 are the ordinary least squares estimates of 13 0 and 13 1 respectively. The difference between the actual monthly return observed for any share i in period t and the expected value of this return as calculated in equation (2) is that part of the return unrelated to the market, and is known as the residual for share i in period t, Y;,. Thus
The residuals were calculated for each of the 33 acquiring firms for the 30 months around the merger announcement and for the 40 target firms for the 15 months before and the three months after the announcement.
Since the role of the covariance biplot analysis is to determine the relative effect of various characteristics which explain the merger activity with respect to one another and with respect to time, groupings were constructed for both acquiring and target firms according to two levels of each of five characteristics. The characteristics employed in this study were: 1. Relative size of the target firm to the acquiring firm as measured by the ratios of their market capitalizations at the time of the merger announcement. A firm had large relative size (> 60%) or small relative size ( < 30%) 2. Systematic risk prior to the merger announcement (the beta coefficient calculated in equation (1) above). This was classified as high (B > 1,00) or low (B < 0,80).
3. Prior holdings of the acquiring firm in the target firm at the time of the merger announcememnt. This was either large (> 60%) or small ( < 40% ).
The relationship between the acquirer and the target.
A merger was classified as 'related' if the target firm was in a related industry to the acquiring firm and the acquiring firm was operating in a specific industry, i.e. was not of a conglomerate nature. All other mergers were classified as 'unrelated'. 5. The medium of exchange used in financing the merger. This was classified either as cash only or shares only.
It will be noted that the two levels of the first three characteristics above are not exhaustive. This is merely to ensure maximum discrimination between the two levels of the characteristics concerned. Except for the first characteristic mentioned above (systematic risk) the characteristics considered were those which were analysed by van den Honert et al. (1988) . This provides an interesting comparison and highlights the use of the covariance biplot.
The division of the acquiring and target firms into each of the two levels of the five characteristics can be found in Appendices 1 and 2. Average residuals for each period were calculated for the subset of shares in each level of the five characteristics. Thus the average residual for grouping j (j = 1,2, ... , 10) in time t can be written as n;
Yj, = I Yj,1 /nj i=I where Yj, = average residual for groupingj in time t ; Yj,1 = residual for share i in grouping j in time t; and nj = number of shares in grouping j.
The average residuals were cumulated from 15 months prior to the merger announcement through to 15 months after the announcement for acquiring firms (30 periods) and three months after the announcement (18 periods) in the case of target firms. The cumulated average residuals for groupingj in month p relative to the merger announcement (pth month in ·announcement time') may be calculated as
The sequence of 30 CUMY;p values for acquiring firms and 18 CUMY;,, values for target firms for each of the 10 groupings provided the input for the covariance biplot. The sequence of CUMY;p values for each grouping plots as a single point in two-dimensional space. The biplot method interprets the value of the cumulative average residuals at each time point for each grouping in an absolute sense, as well as the movements of the cumulated average residuals at each time point for each grouping relative to each of the other groupings at the same point in time.
Results
The output of the covariance biplot in two dimensions for the acquiring firms for the 15 months before and 15 months after the merger announcement is shown in Figure 2 . The numerals 1 to 10 represent each of the two levels of the five characteristics discussed above, in the following order: 1. small relative size 2. large relative size 3. small beta coefficient 4. large beta coefficient 5. small prior holdings 6. large prior holdings 7. related mergers 8. unrelated mergers 9. share exchange 10. cash exchange. S.-Afr.Tydskr.Bedryfsl.1988, 19(4) The time points are represented by the letters A to Z through a to d , where A represents the monthly period 15 months prior to the merger annnouncement, B represents the monthly period 14 months prior to the announcement, etc. Thus O represents the period in which the merger announcement occurred.
The quality of the biplot in two dimensions is 88,50%, indicating that the distortion in the two-dimensional display should be acceptably small.
The standard deviation of each of the groupings considered (columns in the original matrix) is a measure of the variability or total risk of that grouping and is indicated on the covariance biplot by the squared distance of the point from the origin as discussed above. With reference to Table I and Figure 2 it will be seen that the acquiring firms with small betas prior to the merger announcement (3) are the most risky when measured over the entire period under consideration, followed by the acquiring firms which are large relative to the target firms (2), and the acquiring firms which use shares as a means of exchange (9).
Related acquiring firms (7), those acquiring firms with small prior holdings (5) and with large prior holdings (6), have similar risk, amounting to approximately half of that of the acquiring firms with small systematic risk (beta), even though they lie in different directions from the origin. Cash exchange acquirers (10) and especially relatively small acquirers (1) have the smallest risk over In that paper it was shown that large acquiring firms had abnormal returns which were very much more variable than those of small acquiring firms, share exchange acquirers had residuals which were somewhat more variable than cash exchange acquirers, and related and unrelated mergers had residuals which were almost equal in terms of variability. The covariance biplot has the advantage of representing all the above results on a single plot. The cosine of the angle between two grouping points is representative of the correlation between the two groupings as discussed above. From Figure 2 and the correlations given in Table 1 we see that several groupings are very highly correlated, notably cash exchange acquirers (10) and acquirers with large prior holdings (6) (correlation = 0,826), unrelated acquirers (8) and those with large systematic risk prior to the announcement (4) (correlation = 0,828), share exchange acquirers (9), acquirers with small prior holdings in the target firm (5) and acquirers which are large relative to the target firm size (2) (pairwise correlations between 0,737 and 0,908) and finally those acquirers with small systematic risk (3) and those which were related to the target firm (7) (correlation = 0,946). These results are consistent with those of van den Honert et al. (1988) after a visual comparison. Furthermore it is seen that firms with small systematic risk (3), those with small size relative to the target firm ( 1) and the related acquiring firms (7) tended on average over the period to move in the opposite direction to the cash exchange acquirers (10) and those with large prior holdings (6) (negative correlations ranging between -0,247 and -0,524). Since the firms with small relative size (1) are approximately orthogonal to those with large relative size (2) it can be inferred that they are uncorrelated ( correlation = 0,064).
The letters representing the time points relative to the merger announcement have been joined in time sequence to facilitate easy interpretation as discussed above. It may be seen that for the first five-month perio.d (time points A to E) of the study the movement ts towards the centre of the bi plot and, more specifically, towards the acquirers with small prior holdings in the -0,235 0,826 -0,247 0,260 -0,351 0,020 target firms (5) and those that employed shares as a medium of exchange (9). Thus firms represented in these two groupings were gaining in strength relative to firms that were not represented in these groupings. The movement is then reversed for two months (time points F and G) indicating that the cumulative average residuals for all firms are decreasing, particularly the relatively large acquirers (2), the unrelated acquirers (8) and those with large systematic risk prior to the announcement (4). There follows a sharp reversal for one month (time point H) in which the acquirers with small prior holdings (5), share exchange acquirers (9) and related acquirers (8) gain in strength relative to all other groupings while all firms not represented in these groupings neither gain nor lose. Then follows a fourmonth reversal (time points I to L) where the cumulative average residuals of all firms decrease, followed by the three-month period immediately preceding the merger where the largest relative gains in cumulative average residuals are made by the relatively small acquirers (1) and, most of all, the related acquirers (7) (time points M to 0). Immediately after the merger the movement is away from the aforementioned groupings until the end of the period under study (points P to d), indicating a decrease in residuals for all the groupings under study. The use of the covariance biplot as a single diagram with all the pertinent information contained in van den Honert et al. (1988) can be seen by studying Figure 2 in conjunction with the cumulative average abnormal residual (CAAR) plots for share exchange acquirers ( Figure 3 ) and relatively small acquirers ( Figure 4 ) from van den Honert et al. (1988) . In Figure 3 it will be readily seen that major peaks in the CAAR plot occurred approximately 42 weeks and 26 weeks prior to the merger announcement. These correspond to time point E and time point H respectively in the covariance biplot, where the biplot movement is sharply towards point 9. Major troughs in the CAAR plot occurred in weeks 30 and 15 prior to the announcement, which correspond to time points G and L respectively in the biplot, where the movement is away from point 9. After the peak in week 26 prior to the announcement there follows a 14-week downward movement in CAAR followed by a strong upward movement in the 13-week period before the merger announcement. This is mirrored by time points H to O in the biplot which first move strongly away from point 9 and then strongly towards point 9. The rapid erosion of the CAAR's after the announcement is represented by -Afr. Tydskr. Bedryfsl.1988, 19(4) points time P to d which are consistently moving away from point 9, indicating a decrease in relative strength of that characteristic. A similar comparison with the Small acquisitions 17 Acquiring firms 12 -,------------"T-'-----------. -0,099 0,028 Small beta 0,707 0,329 0,062 Large beta 0,381 0,271 0,870 0,087 Small prior holdings 0,460 0,374 0,919 0,954 Large prior holdings 0,651 0,366 0,884 0,781 Related mergers 0,683 -0,001 0,809 0,676 Unrelated mergers 0,618 -0,036 0,815 0,784 Share exchange 0,494 -0,016 0,792 0,855
Cash exchange 0,712 -0,065 0,779 0,595 CAAR plot for the relatively small acquirers ( Figure 4) shows peaks occurring in weeks 44, 34, and 23 before the merger announcement, and in week 26 after the announcement which correspond to time points D, G, I and U respectively in the biplot, all extremely close to point 1. Troughs in CAAR in Figure 4 occur in weeks 41, 26, 12 before the merger announcement and in week 10 after the announcement which correspond to time points E, H, Land Q respectively, which are all at local extreme points of the biplot, i.e. as far from point 1 as the plot will allow.
A similar interpretation can be made of the covariance biplot for the target firms for the 15 months before the merger and the 3 months after the merger. The biplot is presented in Figure 5 .
The quality of the fit of this biplot in two dimensions is 88,9%, i.e. an acceptable fit. Firstly it will be seen that target firms with large systematic risk prior to the merger and those that are small relative to the acquirer have the largest standard deviation, or risk. This is in general agreement with the standard deviations shown in Table  2 .
The targets which are large relative to their acquirers have by far the smallest risk. Related targets, those acquired by share exchange, targets with small systematic risk prior to the merger and those targets in which the acquircrs have a controlling interest prior to the merger have a similar total risk, approximately twice that of the relatively large targets. In Figure 5 it will be seen groupings consisting of targets with small beta coefficient prior to the merger, related and unrelated targets, share exchange targets and those in which the acquirer had large prior holdings are highly interrelated since they lie close together, each pair subtending a small angle at the origin. In fact Table 2 shows that all these correlations are between 0,781 and 0,942, and thus the average residuals of these groupings all follow a similar trend. This is consistent with the CAAR plots in van den Honert et al. ( 1988) . However the single largest correlation is between targets with large beta coefficient prior to the merger and those targets in which the acquirer had only a small prior holding ( correlation = 0,954). The relatively large target grouping is the only one to plot on the left hand side of the diagram, and thus has low or negative correlations with all the other 0,068 0,838 0,064 0,678 0,781 0,049 0,786 0,867 0,896 0,080 0,805 0,798 0,877 0,942 0,060 0,652 0,775 0,913 0,894 0,782 0,065 groupings (between -0,099 and 0,374). This grouping (lying in the third quadrant) has negative correlation with almost all those groupings lying in the opposite (first) quadrant.
Turning to the performance of the groupings through time it will be seen that initially (time points A to K) there is a steady decrease in average residuals of all groupings concerned except for the targets which are relatively large, in which the average residuals actually increased for the first six months. Indeed, van den Honert et al. (1988) found this grouping to be the only target group which exhibited consistently positive CAAR's for any period of time prior to merger. This decrease in average residuals persists until some four months prior to the merger announcement when there is a sudden reversal of movement towards all the groupings (time points L to R) implying a strong gain in the residuals of all characteristics. The timing of this movement is exactly what is to be found in van den Honert et al., 1988 when the CAAR plots experienced an upward surge some 12 -16 weeks prior to the merger. However, this movement is least noticeable in the target firms which are large relative to the acquirers. This stengthening continues until delisting occurs.
Summary and conclusions
The relative movements of two different levels of five characteristics of acquiring and target firms immediately before and after merger have been demonstsrated on a single diagram by means of the covariance biplot. Alternative methods of analysing the role played by various characteristics of the acquiring target firms have considered each characteristic in isolation and their relative effect has been effectively ignored. Results produced in this paper are consistent with those produced by the cumulative average abnormal return approach, and yet have the advamage of providing information as to the risks and co-movements of each of the characteristics.
The value of this study lies in the fact that several characteristics of merger activity have been analysed simultaneously. yielding information related to the time of the merger announcement for acquiring and target firms which could not have been obtained by standard univariate methods. Hippo Holdings X X X X
